RCsum6. --Lors de l a propagation d'un faisceau laser dans l'atmosphGre, des distorsions de phase peuvent apparaitre, s o i t de fason passive b cause de l a turbulence, s o i t de fafon active3 causede l a dCfocalisation thermique. I1 a et6 prouv6 qu'il e s t possible de compenser partiellement ces Ccarts de phase en modifiant physiquement 1 'optique de transmission. L'utilisation de jets de gaz avec des gradients de densitd adgquats, convenablement interposEs dans l e faisceau, e s t pr6sent6e i c i comme une autre mdthode d'introduction de facteurs correctifs. Le degrE de compensation de phase susceptible d 1 6 t r e a t t e i n t en principe a 6t6 6tudi6 pour des j e t s id6aux. On montre que 1 'dcart quadratique moyen peut d t r e r6duit consid6rablement dans l e cas de l a dMocalisation thermique.
a high irradlance laser beam a t a distance. One A new method of phase compensation using of the main applications of active optics i s the gaseous optics i s described here as an alternative compensation of these wavefront distortions in method f o r phase front control. Gaseous optics order to enhance the intensity of a laser beam on offers a potentially efficient technique for phase a distant target. I t i s possible t o correct t o a control of the beam because of small light losses, substantial degree for these distortions by pastolerance of extremely high power levels, and a sing the beam in question through an array of characteristic rapid response. If many gas j e t s elements which impose controlled phase variations w i t h different optical properties and with suffiwhich compensate f o r the distortion. This involves cient optical depth are placed in the path of the the measurement and control of wavefronts often in laser, then the gas jets produce phase s h i f t s in real time i n order to concentrate the energy on to the beam i t s e l f . The geometry required to bring about l o c a l i z e d phase compensation i n the l a s e r beam i s possible by using independent j e t s o f gas.
A c t i v e l y changing t h e gas index o f r e f r a c t i o n using f l o w w i l l permit t h e c o n t r o l necessary t o achieve phase compensation.
In order t o i l l u s t r a t e the concept, consider a u n i f o r m l y i l l u m i n a t e d l a s e r beam propagating i n the z d i r e c t i o n as shown i n Fig. 1 . produce any desired phase s h i f t (up t o a c e r t a i n maximum value). The phase-shifting elements a r e gas j e t s w i t h v a r i a b l e r e f r a c t i v e indices. Fig. l ( b ) shows t h e a r r a y i n operation w i t h the phases h i f t i n g elements producing l i n e a r l y decreasing phase delays from element 1 t o element 5. The approximate r e s u l t o f operating t h e a r r a y i n t h i s manner would be t o t i l t t h e output beam as shown.
The f i g u r e i l l u s t r a t e s one p a r t i c u l a r type o f l a s e r beam c o n t r o l , chosen as an i n t r o d u c t o r y example because o f i t s s i m p l i c i t y . However, t h e same technique can be a p p l i e d using crossed j e t arrays t o a d j u s t the phase f r o n t s o f a l a s e r beam d i ff e r e n t l y . 
i r e c t i o n i s denoted by g(y)
. Since the phase changes due t o the two j e t s a r e additive,the phase o f the l a s e r beam a f t e r passing the two crossed j e t s i s
The main problem addressed i n t h i s paper i s the determination o f the functions f ( x ) and g ( y )
such t h a t 7, t h e mean square o f the new phase func- One obtains two i n t e g r a l equations which a r e analogous t o eqs. (6) and (7) f o r t h e f in i t e d i f f e r e n c e s scheme [6] .
Again, the s o l u t i o n o f these two i n t e g r a l equa t i o n s i s n o t unique, and t o make i t so we r e q u i r e t h e minimization o f t h e f u n c t i o n a l As i n t h e previous section, the problem i s solved by using Lagrange mu1 t i p l i e r s h(x) and ~( y ) This method has been used successfully f o r t h e case o f t h e c i r c u l a r aperture and t h e r e s u l t s w i l l be described i n the next section.
A Numerical Example
Recently, Bushnell and Skogh [7] 
non-dimensional c o e f f i c i e n t equal t o 3/4 i n t h e c a l c u l a t i o n s . This c o e f f i c i e n t i s equal t o t h e constant C (eq. (11) o f [7]) d i v i d e d by the wave number f o r C02 l a s e r r a d i a t i o n . The z ( i ) are
Zernike polynomials and a r e defined i n [3] , [7] o r [8] . F i n a l l y , t h e c o e f f i c i e n t s A.. i n eq. (21) 1 J t h a t were used i n the c a l c u l a t i o n a r e given i n [7] as AZ0 = -0. Tables 1 and 2 A c t u a l l y , a p r a c t i c a l adaptive o p t i c s system may be one i n which t i 1 t (and focus too) can be corrected by t h e t r a n s m i t t e r i t s e l f . I n p r a c t i c e , t h i s may be done by simply p o i n t i n g t h e l a s e r i n a s l i g h t l y f o r Qo = 0, I t i s seen t h a t t h e r e l a t i v e improvements, w h i l e s u b s t a n t i a l , a r e n o t as good as those which i n c l u d e tilt (Fig. 5) . crossed j e t s , a l l o f equal width and number. That i s , t h e f i r s t s e t o f 2N crossed j e t s was i n t u r n crossed w i t h a second s e t of 2N j e t s placed a t 45° w i t h respect t o the f i r s t , making a t o t a l o f 4N i ndependent j e t s .
I n order t o use t h e preceding opt i m i z a t i o n r o u t i n e , t h e residual e r r o r from t h e opt i m i z a t i o n w i t h 2N j e t s was used w i t h a l e a s t squares f i t t o t h e form o f eq. (20) t o o b t a i n a new phase e r r o r d i s t r i b u t i o n . As the r e s u l t i n g of t h e f i t t e d d i s t r i b u t i o n was s l i g h t l y smaller than
t h e actual mean square e r r o r , t h e c o e f f i c i e n t s were adjusted p r o p o r t i o n a l l y so t h a t they matched. This adjusted e r r o r d i s t r i b u t i o n was i n t u r n minimized by using t h e second crossed array a t 45' ( i .e., Qo= 45O) t o t h e o r i g i n a l . The value o f JN from t h i s c a l c u l a t i o n i s a measure o f t h e o v e r a l l phase error.
The r e s u l t s , 1 abel ed double array, a r e shown i n Obviously, then, = 1/N. While the computat i o n i s somewhat more complicated f o r a c i r c u l a r geometry, the r e s u l t f o r should be the same.
The preceeding r e s u l t c l o s e l y describes the r e s u l t f o r t h e reduction i n tilt e r r o r i n Fig. 7 .
